Outline
• Gran Sasso National Laboratory • LVD experiment • Search for neutrino bursts from Supernova with LVD • Study of cosmic ray (CR) muons and neutrinos • Detection of neutrons produced by CR muons and neutrinos with LVD • CNGS project • LVD-OPERA horizontal events • Neutrino velocity measurements with LVD
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Gran Sasso National Laboratory
•
The Gran Sasso National Laboratory (LNGS) is the largest underground laboratory in the world for experiments in particle physics, particle astrophysics and nuclear astrophysics.
It is located between the towns of L'Aquila and Teramo, about 120 km from Rome. The underground facilities are located on a side of the ten kilometers long freeway tunnel crossing the Gran Sasso Mountain. They consist of three large experimental halls, each about 100 m long, 20 m wide and 18 m high and service tunnels, for a total volume of about 180,000 cubic meters.
The average 1400 m rock coverage gives a reduction factor of one million in the cosmic ray flux; moreover, the neutron flux is thousand times less than on the surface, thanks to the smallness of the Uranium and Thorium content of the dolomite rocks of the mountain. 
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Long and stable work of detector
But how is it possible to detect neutrino signal in LVD detector?
Module structure allows to reach high duty cycle performance (≥ 99%since 2001)
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Signature of signal in LVD
Registration of supernovae explosion with N pulses in the short period of time T
But how is it possible to detect neutrino signal in LVD detector? 
The energy threshold for first signal from event in counter is 5 MeV 
Detector is ready to search for neutrino radiation from the collapsing stars, but the nature is miserly for the presents. LVD is possible to detect not only electron antineutrino via the inverse beta decay reaction but also electron neutrinos due to their interaction with iron and other types of neutrinos via interaction on carbon nuclei.
Limit on the rate of gravitational stellar collapses in our Galaxy: 0.12 events • year -1 at 90% c.l.
Study of cosmic ray muons and neutrinos
Muon selection in LVD:
Signal is measured at least with 2 counters
The energy loss in the first counter is >50 MeV, in the second one is >5 MeV Both signals are measured in the time range <250 ns Muon cosθ and ϕ distribution Muon cosθ and ϕ distribution The neutrons generated by muons as well as by products from their interactions in electromagnetic and hadronic cascades have the energies from keV to hundreds MeV with the spectrum ~E -1 up to 100 MeV and E -2 for energies higher than 100 MeV 
Neutron generation
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Neutrons are the main background for rare processes
The number of generated neutrons per 1 muon per 1 g/cm 2 vs the depth from the top of the atmosphere. Curves are normalized to the results of the experiment performed at a depth of 25 m.w.e. with the aid of an LS detector.
The number of generated neutrons per 1 muon per 1 g/cm 2 vs the depth from the top of the atmosphere. Curves are normalized to the results of the experiment performed at a depth of 25 m.w.e. with the aid of an LS detector. 
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LVD LVD --OPERA horizontal events OPERA horizontal events
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LVD LVD --OPERA horizontal events OPERA horizontal events Gran Sasso depth distribution for Ѳ >87º Gran Sasso depth distribution for Ѳ >87º
Depth from the Teramo side is about 8000 m.w.e., L'Aquila side more than 15000 m.w.e. "L'Aquila" muons are muons from neutrinos.
Depth from the Teramo side is about 8000 m.w.e., L'Aquila side more than 15000 m.w.e. "L'Aquila" muons are muons from neutrinos. • LVD is possible to detect not only electron antineutrino via the inverse beta decay reaction but also electron neutrinos due to their interaction with iron and other types of neutrinos via interaction on carbon nuclei.
• Limit on the rate of gravitational stellar collapses in our Galaxy: 0.12 events • year -1 at 90% c.l.
• Taking into account LVD and OPERA horizontal muon data OPERA time shift was detected ΔΑΒ = <δtA> -<δtB> = (-73 ± 9) ns • Neutrino velocity limit is: −3.3 × 10 −6 < (v − c)/c < 3.5 × 10 −6 m ν < 44 MeV/c 2 ( 99% confidence level) 
Conclusion Conclusion
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